


CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Summary 
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . .  Data Obtained . . . . . . . . . . . . . . . . . . . . . . . . . .  

F i r s t  t r i p  t o  s i t e s  . . . . . . . . . . . . . . . . . . . .  So i l  sampling . . . . . . . . . . . . . . . . . . . . . . .  Second t r i p  t o  sites . . . . . . . . . . . . . . . . . . .  
Data obtained from the f i e l d  . . . . . . . . . . . . . . .  

Analysis of  D a t a  . . . . . . . . . . . . . . . . . . . . . . . .  
Earth da ta  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  Hydraulic da ta  . . . . . . . .  

Combined Data . . . . . . . . . . . . . . . . . . . . . . . . . .  
Region 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bart ley  Canal, Reach 1, compacted ea r t h  l i n i n g  . . . . . .  
Bart ley  Canal, Reach 2, unlined . . . . . . . . . . . . . .  
Cambridge Canal, Reach 3 ,  unlined . . . . . . . . . . . . .  
Franklin Pump Canal, Reach 4, unlined . . . . . . . . . . .  
Superior Canal, Reach 5, unlined . . . . . . . . . . . . .  
Franklin Canal, Reaches 6 and 7, unlined . . . . . . . . .  
Cambridge Canal, two adjacent  curved reaches, unlined . ; . 

Region 2 . . . . . .  ; . . . . . . . . . . . . . . . . . . . .  
Late ra l  M-2-A, Klamath, Reach 1, unlined . . . . . . . . .  
Late ra l  M-2-A, Klamath, Reach 2, compacted earth l i n i n g  . . 
Late ra l  J - 1 - B ,  Klarnath, Reach 3,  unlined . . . . . . . . .  
Late ra l  5-13, Klamath, Reach 4, unlined . . . . . . . . . .  
Friant-Kern Canal, Reach 5, compacted e a r t h  l i n i n g  . . .  
Friant-Kern Canal, Reach 6, compacted ear th  l i n i n g  . . .  
Late ra l  32.2, Madera, Reach 7, compacted e a r t h  l i n ing  

on s lopes  . . . . . , . . . . .  * . * * * * * . * . . * *  
Madera Canal, Reach 8, unlined . . . . . . . . . . . . . .  
Madera Canal, Reach 9,  unlined . . . . . . . . . . . . . .  

Soil-hydraulic Relationship . . . . . . . . . . . . . . . . . . .  
Recommendations and Conclusions . . . .  . . * * . * - . . * * * .  



T h e o r y . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 2  
Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 # 

Table k 

S o i l  T-ypes i n  Regions 2 and 7 . . . . . . . . . . . . . . . . . . 1 
Summary Sheet of Channels Tested i n  Regions 2 and 7 . . . . . . . . 2 
Average S o i l  Conditions of Channels Tested i n  Regions 2 and 7 . . 3 
Visual C lass i f i ca t ion  of So i l s ,  Tract ive  Force Reaches, 

R e g i o n 7 . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  4 
Visual C lass i f i ca t ion  of S o i l s ,  Tract ive  Force Reaches, 

R e g i o n 2 . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  5 
Summary of Laboratory Test  Data o f  S o i l s ,  3 Sheets  . . . . . . . . 6 
Summary of Unconfined Compres~ion Test  Results . . . . . . . . . . 7 
Summary of Hydraulic Data, Tractive Force Reaches, Region 7 . . . 8 
Summary of Hydraulic Data, Tractive Force Reaches, Region 2 . . . 9 
Suspended Sediment Analysis, Tractive Porce Reaches, Region 7 . . 10 
Suspended Sediment Analysis,  Tractive Force Reaches, Region 2 . . 11 

Figure 

Location Map, Tract ive  Force Reaches, Region 7 . . . . . . . . . . 1 
Location Map, Tract ive  Force Reaches on Klamath Project, 

Region2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Location Wap, Tract ive  Force Reaches on Central. Valley Projec t ,  

Region 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
S o i l  Size  Analysis, Reaches 1 t o  4, Region 7 . . . . . . . . . . . 4 
S o i l  Size  Analysis,  Reaches 5 t o  7 ,  Region 7 . . . . . . . . . . . 5 
P l a s t i c i t y  Chart,  Average Values f o r  Test Reaches i n  Region 7 . . 6 
S o i l  S ize  Analysis,  Reaches 1 t o  5,  Region 2 . . . . . . . . . . . 7 
S o i l  S ize  Analysis, Reaches 6 t o  9 ,  Region 2 . . . . . . . . . . . 8 
P l a s t i c i t y  Chart, Average Values f o r  Tes t  Reaches i n  Region 2 . . 9 
Obtaining Hydraulic Data . . . . . . . . . . . . . . . . . . . . . 10  1 

(a )  Velocity Measurements with Pygmy Meter 
(b) Velocity Measurements from Boat with Type A Meter 

VaneShearTes te r  . . . . . . . . . . . . . . . . . . . . . . . .  11 
Compaction Test  Curves f o r  So i l s  on Tract ive  Force Reaches, 

Regions 2 and 7 . . . . . . . . . . . . . . . . . . . . . . . . 12  
Water Surface Slopes, Tractive Force Reaches, Regions 2 and 7 . . 13 
Cross Sections and Tractive Force Dis t r ibut ions  on Reaches 

i n  Region 7 . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4  





UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

Commissioner's Office--Denver 
Division of Engineering Laboratories 
Hydraulic Laboratory Branch 
Earth Laboratory Branch 
Denver, Colorado 
March i, 1957 

*General Report No. 21 
Compiled by: P.F. Enger 

J. Merriman 
Checked by: E.J. Carlson 
Reviewed by: C.W. Thomas 

H. J. Gibbs 
Submitted by: H. M. Martin 

W, G. Holtz 

PROGRESS REPORT OF CANAL EROSION AND TRACTIVE FORCE STJDY 
LOWER-COST C~AL LINING PROGRAM 

SU~,~MARY 

To establish better design criteria for earth lined and unlined 
canals, field studies of erosion and tractive forces on fine cohesive 
soil materials have been conducted under the Lower-cost Canal Lining 
Programs of fiscal years 1956 and 1957. Additional sites have been 
selected for study during fiscal year 1958. 

Eighteen test reaches have been selected and analyzed on canals 
and laterals of various sizes, soil types and stabilities, Tables 1 and 
2, and 29 additional test reaches of various types have been selected for 
future study. 

~Iree channel conditions are being studied; these include (i) 
canals where deposition is occurring, (2) stable canals, and (3) 
moderately scoured canals. ~ 

~h~o trips are made to each test site. A field insoection party 
m~<es the fJ.rst trip while the canal is in a dry condition and sites are 
selected and earth samples obtained. The second trip is made when the 
canal is flowing near maximumdischarge to obtain hydraulicdata and make 
vane shear tests on the soils. 

Earth data are classified and analyzed to determine soil 
densities, compressive strengths, mechanical analysis, Atterberg limits, 
percentage of compaction for earth linings, and petrographic and chemical 

*See Laboratory Reports No. Hyd-435 and EM-481. 
**Refer to "Outline of Canal Erosion and Tractive Force Study, 

Lower-cost Canal Lining Program" as revised July 15, 1956. 



are analyzed t o  determine v e l o c l t y  prof i l -es ,  rrvsrnge v e l o c i t i e s ,  dis-  
charge,  hydraul ic  r a d i u s ,  average t r a c t i v e  f o r c e s ,  t r a c t i v e  fo rce  
d i s t r i b u t i o n s ,  hlcnnin~i; "n" va lues ,  susscnded sediment concent ra t ion ,  
and water ternpcrature. Hydrzulic d a t a  nre  j rnesented i n  Tables 8 through 
11. 

An i n s u f f i c i e n t  ilwnber of chacnels  of  each t n e  ( s t a b l e ,  
eroding and depositing i n  var ious  s o i l  t:,yeo) have been analyzed t o  date 
t o  e s t a b l i s h  d e f i n i t e  t r ends .  :iovevcr, it ic f e l t  t h a t  by t h e  a n a l y s i s  
of a d d i t i o n n l  c i t e s  c9d combinat:o?.s of s o i l  and h y i ~ r n u l i c  c h c r a c t e r i s t i c s ,  
d e f i n i t e  t r ends  can be cs tnbl i shcd .  At t h i s  t i n e  it i s  f e l t  t h a t  grouping 
o f  s o i l s  i n  Cerins o f  gmdz t ion ,  plzsi;ic p r o p e r t i e s  and d e n s i t y  w i l l  , 

e s t a b l i s h  a compr~rison o f  e ros ion  caused by t r a c t i v e  fo rces .  Some 
genera l  t r e n d s  i n d i c a t i n g  t h a t  t h e  r e s i s t r n c e  Lo e ros ion  Fncreascs with 
an  Increase i n  s o i l  dens i ty  cnd c l s o  v z ~ i e s  v i t h  t h e  g l a ~ t i c  p r o p e r t i e s  
of  t h e  s o i l  a r e  1)ccom:ng evldent .  

A l aborz to ry  eros ion  testing mclchine i s  k i n e  cons t ruc ted  and 
e ros ion  t e s t s ,  on undic;lu:-bed 6-inc:h-c~i~~1e' icr  s o i l  sxnples from each 
t e a t  reach ,  w i l l  be conducted. The t r r c t l v c  fo rce  2ecc:csary t o  erode 
t h e  samples w i l l  be deternincd cnd the  veLucs ;,:i:.l 5e con~parcd with t h e  
t r a c t i v e  fo rces  which caused erosio:l i n  the "i'ielct. The r e s u l t s  of these 
t e s t s  w i l l  be presenteci i n  c f i n a l  r e p o r t .  

I ? ~ ; ~ o T J ~ ~ I o ~  

The in-rest;ip;atiocs repor ted  here  have bccn conducted under the 
Lower-cost Ccnal L i n i n ~ ;  Pr0grz.n of FY56 and FY5'7. Tne procram i s  
intended t o  extend over a per iod  of s eve ra l  yezrs end inc lude  s e v e r a l  
e a r t h  l i n e d  and tinlined canals trlt'r, a. vcr:ict>r of-' s o i l s  t ypes  r.:;?ich have 
been sub,jected t o  d i i ' fe rcnt  clirr.nt'Lc cl:ld. hydreuiic co:~dii;ions. 

The Turpose of Wc gros.-?.iil ii t o  e s t a b l i s h  3 e t t e r  des ign  
c r i t e r i a  f o r  estrti? l i n e d  z;:d un l ined  cana3.s. To e s t a b l i s h  t h e  behovior 
of s o i l s  under hydraul ic  f o r c e s ,  the phys ice l  ~ r o p c r t ~ i e s  of  t h e  s o i l  a r e  
compared t o  t h e  h y d r m l i c  f o r c e s ,  a n d  t h e  degrce of erosion.  F i e l d  end  
l a b o r a t o r y  t e s t s  co r re l a t ed  frora selccteG reeches o f  e a r t h  l i n e d  and 
un l ined  canals .  Chemical p r o g e r t i e s  of the s o i l  and imte r  rnay be 
i n v e s t i g a t e d  i n  the f u t u r e .  

Canal and l a t e r a l  reaches f o r  t h e  stucly >rere s e l e c t e d  by a 
f i e l d  in spec t ion  p a r t y  cons is ti::^ of =:I en~:ineer fro.?; t h e  Ezr th  Lzbora- 
t o r y ,  an  enzirleer from t h e  B y d r z ~ l l c  Laboratory, acd a reg iona l  
r ep resen ta t ive .  An engineer  f ron  t h e  Canals Eranch was e i t h e r  present  
dur ing  s e l e c t i o n  of  t h e  t e s t  reacncs ,  o r  he reviewed and zpproved t h e  



of 1955, 9 s i t e s  were s e l e c t e d  i n  each of  Regions 7 and 2. 

The s i t e s  s e l e c t e d  i n  Region 7 were i n  cana l s  t h a t  l i e  along 
t h e  Republ.ican li iver drainnge, Figure 1. They were a l l  on e a r t h  l i n e d  
and unl incu cana l s  which had been i n  opera t ion  f o r  a number of years .  
Seven of the  reaches a r e  loca ted  on s t r a i ~ h t  s e c t i o n s  approximately 
1,000 feet  i n  length  i n  canols which nypeered. t o  be stable. Two curved 
s e c t i o n s  i n  one reach were se l ec t ed  on t'ne Carubridge Canal. The cana l s  
vary  i n  capac i ty ,  Table 0, t h e  ~mal l .ec t  I n  Region having a design 
d ischarge  of 30 c f s  and t h e  3.nrgest having o des ign  d-lscharge of 210 cfs . 

O f  the s i t e s  selectee i n  Region 2 ,  4 z r e  on t h e  Klamath , 

Proeject  i n  Oregon, F i i ~ ~ r e  2, 2 a r c  loca ted  i n  the Friant-Kern Canal, and 
3 are loca ted  i n  the b!ade~e D i s t r i b u t i o n  Sycten, Figure 3 .  A l l  t h e  
reaches  i n  Region 2 a r e  locc ted  on s t r e i @ t  s e c t i o n s  of  earth l i n e d  o r  
un l ined  cana l s  and I-aterals which hcve been i n  opera t ion  for a number of 
yea r s .  The reaches  angeared t o  be ste.3le or  s l i e i ~ t l y  eroding f o r  t h e  
d ischarges  occurr ing  i n  the pas t .  Tie srcal lest  l a t e r a l  s e l e c t e d  i n  
Region 2 was designed f o r  a discharge of 2k c f c  end t h e  l a r g e s t  cana l  
w a s  designed f o r  a d i s c i ~ a r g e  of  5,000 cfs,  Table 9. 

Addit ional  s i t e s  have been se l ec t ed  f o r  t e s t i n g  dur ing  1957. 
I n  genere l ,  reaches were seiecter l  where t h e  s o i l ,  e ros lon  e3r? h y d r a ~ ~ l i c  
condi t ions  a r e  r e l a t i v e l y  u:liform over  a l e n ~ t n  of a;qxoxlrnately 1,000 
fcct. A v a r i a t i o n  i n  sizes fror.  l a r g e  t o  srriall nnd three condi t ions  of  
e ros ion  w i l l  be t e s t e d :  (1) si;n'sle, ( 2 )  s 1 i ~ ' r ; t l y  scou:-ecl o r  on the  p o i n t  
of scouring,  and ( 3 )  moderately scoured. Enphnsis wss p laced  on s e l e c t i n g  
cana l s  i n  more p l a s t i c  (cia!/e:;) materia1.s. To s a t i s f y  hyii-zulic condi- 
t i o n s ,  reaches have: (1) o p r a t e a  neer  c\esi,zn dischcrge and w i l l  opera te  
next  season near  design d i s c h a r ~ e ,  ( 2 )  c good record of previous opera t ion  
a v a i l a b l e ,  (3 )  not been effecter1 by bac l :v~ te r  froon? checks o r  ot'ner 
s t r u c t u r e s ,  and (4) no excessive weed ~ r o x t h .  

DJ3'P. (33JfiLIG29 

First t r i p  t o  s i tes.  Tile L i ! n i t s  of each t e s t  reach  se l ec t ed  
were s e t  by p l ac ing  h u b ,  @lard stai ies  and f l a ~ s  a t  t h e  upper end, c e n t e r ,  
and lower end of the  reach. 

The s o i l s  encountered i n  Region 7 were e l l  l o e s s i a l  with varying 
amounts o f  f i n e  sand. Visual  c l c s s i f i c z t i o n s  of' the  s o i l s  a r e  presented  
i n  Table 4. Gradation curves for ell t h e  r c a t e ~ i a l s  are s h o ~ ~ 2  i n  Figures 
4 and 5. At te rberg  l i m i t s  a r e  pl-otted on Figure 6. Although l o e s s  s o i l s  
a r e  11oL ge!lr:celLy considered t o  be very a e s i r z b l e  f o r  ca;iels, because o f  
t h e i r  low s t r e n g t h  s a t a r a t e d  a!ld t'neir f i n e  p a r t i c l e  s i z e ,  i n  t h i s  
area they  appear t o  be g iv ing  good. s e rv ice .  



- 
have been formed i n  many reaches of t he  canals .  These berms a r e  
apparent ly ceused by l o v  v e l o c i t i e s  and/or  t h e  weed growth near  o r  on t h e  
s i d e  s lopes  which promotes s o i l  d e ~ o c i t j . o n .  

The s o i l s  i n  Region 2 t e s t  reaches vary from a diatomaceous 
e a r t h  t o  a c lay .  Predominantly t h e  s o i l s  a r e  s i l t s  and sandy s i l ts .  
Visual  c l a s s i f i c a t i o n s  a r e  shown i n  Table 5. Gradation curves a r e  pre-  
sented i n  F igures  7 and 8, and Atterberg l i m i t s  a r c  p l o t t e d  on Figure  9.  

, 
I n  genera l ,  t h e  l a t e r a l s  i n  t h e  Klamath P r o j e c t  were eroded 

and had h e a v j  weed growth which caused depos i t ion  a long t n e  s i d e  s lopes  
and formed berms. The cana l s  i n  t h e  Cen t ra l  Valley P r o j e c t  were e i t h e r  
s t a b l e  o r  s l i g h t l y  eroded. 

S c i l  sampling. S o i l  samples f o r  t e s t i n g  i n  t h e  Denver labora-  
t o r y  taken from each t e s t  reach included sack samples,  3-inch d r i v e  
samples, &inch undisturbed hand c u t  s a m ~ l e s  and samples of sediment 
where p resen t .  

The sack samples were t e s t e d  t o  determine t h e  gradat ion ,  t h e  
p l a s t i c  p r o p e r t i e s ,  and the  compaction c h a r a c t e r i s t i c s  of  t h e  material 
i n  each t e s t  reach.  The 3-inch d r i v e  samples were t e s t e d  t o  obta in  
unconfined compression values.  The &inch hand c u t  samples were obta ined  
f o r  u se  as eros ion  t e s t  specimens. No eros ion  t e s t s  have been performed 
on t h e s e  samples a s  t h e  t e s t  procedure is  not  complete. The e ros ion  t e s t  
as contemplated at present  i s  t o  be used as an index f o r  e s t ima t ing  ero-  
s ion  i n  f u t u r e  canals .  The va1:~es obtained from t h e s e  t e s t s  w i l l  be  
c o r r e l a t e d  with t h e  d a t a  and t e s t  values obtained from t h e  canals  .under 
s tudy.  It i s  f e l t  t h a t  i n  t h e  f u t u r e ,  l a b o r a t o r y  e ros ion  t e s t  r e s u l t s  
may be obtained as a regu la r  po r t ion  of t h e  pe rco la t ion  se t t lement  t e s t .  

Second t r i p  t o  s i t e s .  The second t r i p  t o  t h e  reaches previous ly  
s e l e c t e d  i n  Regions 2 and -( w a s  made driring t h e  Su~nrner of  1956. The t r i p  
w a s  made at t h e  time t h e  cana l s  and l a t e r a l s  were ope ra t ing  near peak 
d ischarge  f o r  t h e  year  by a hydraul ic  engineer  from t h e  Hydraulic 
Laboratory. 

Data recorded a t  a l l  t e s t  s ec t ions  included:  canal  water 1 

su r face  s lopes;  t h e  canal  c r o s s  s e c t i o n  a t  t h e  middle of  t h e  reach;  
v e l o c i t y  contours a t  the  middle o f  t h e  r each ,  i nc lud ing  v e l o c i t i e s  near  
t h e  cana l  boundary where poss ib l e ;  t h e  amount of  sediment being c a r r i e d  
i n  suspension; t h e  of  t h e  water;  t h e  shea r  r e s i s t a n c e  of t h e  
banks and bottom of t h e  cana l  i n  place and i n  t h e  s a t u r a t e d  condi t ion;  
and photographs showing t h e  condi t ion  of t e s t  reaches. 



- .  
and a water sur face  gage were used. A Type A cur ren t  met& was used t o  
measure t h e  v e l o c i t i e s  a t  0.2 and 0.8 of t h e  depth f o r  discharge measur 
mcnts, and a pygmy cu r ren t  meter was used t o  measure v e l o c i t i e s  near t h  
boundary, Figure 10 .  A DH-118 hand sampler was used t o  o b t a i n  a water 
satnple f o r  suspended sediment a n a l y s i s ,  and a vane shear  t e s t e r ,  Figure 
11, was u ~ e d  t o  determine t h e  in-place shear  values of  t h e  s o i l s .  

Data obtained froin t h e  f i e l d .  Records of t h e  h ighes t  sus t a ined  
flow each year  f o r  a t  l e a s t  a 1-week period over the  p a s t  few years  were 
obtained from t h e  p ro jec t  o f f i c e s ,  and c r o s s  s e c t i o n s  of t h e  canal  i n  
previous years  were obtained when ava i l ab le .  

AIiALYSIS OF DATA 

Earth data. The ma te r i a l s  from t h e  var ious  cana l s  i n  which t h e  
t e s t  reeches were se l ec t ed  range from s i l t y  sands t o  c l a y s  with r e s u l t i n g  
l a r g e  v a r i a t i o n s  i n  t e s t  values.  The r e s u l t s  of t h e  var ious  t e s t s  a r e  
presented i n  t a b u l a r  form i n  Tables  1 through 7 and graphs showing t h e  
s o i l  p r o p e r t i e s  of  t h e  var ious  ma te r i a l s  a r e  shown i n  F igures  4 through 
9 .  Compaction curves a r e  presented  i n  Figure 12 .  Tes t  r e s u l t s  shown 
inc lude  d e n s i t y  va lues  taken from t h e  unconfined compression t e s t s ,  
unconfined compression t e s t  values, mechanical a n a l y s i s ,  Atterberg 
l i m i t s ,  and s tandard  compaction t e s t  va lues .  The s tandard compaction 
t e s t s  were performed on s o i l s  obtained from t e s t  reaches i n  e a r t h  l i n e d  
s e c t i o n s  of  cana l s .  

Hydraulic data. The r e l a t i v e  s lope  of t h e  water su r faces  was 
p l o t t e d ,  Fie;ure 13, and a l i n e  showing t h e  average water sur face  s lope  
i n  each reach was drawn. I n  c a l c u l a t i o n s  it w a s  assumed t h a t  t h e  s lope  
o f  t h e  energy g rad ien t  was p a r a l l e l  t o  t h e  s lope  of t h e  water sur face .  
Cross sec t ions  a t  t h e  middle of each reach were drawn, F igures  1 4  and 15,  
and t h e  c ross  s e c t i o n a l  a r e a s  and t h e  hydraul ic  radii were ca l cu la t ed .  
By use  of t h e  c ross  s e c t i o n a l  a r e a s  and t h e  0.2 and 0.8 depth v e l o c i t i e s ,  
t h e  t o t a l  discharge i n  t h e  cana l  o r  l a t e r a l  :ras o b ~ a i n e d .  Af ter  t h e  
t o t a l  discharge w a s  obtained,  t h e  average v e l o c i t y  o c c u r r i r g  i n  the 
s e c t i o n  w a s  determined from: 

Q VA = A 

where : 

VA = t h e  average v e l o c i t y  i n  t h e  s e c t i o n  i n  f t / ' sec 
Q = t h e  t o t a l  discharge i n  the  s e c t i o n  i n  c f s  
A = t h e  c r o s s  s e c t i o n a l  a r e a  i n  f t 2  



Manning formula: 

1 - 4 9  R2/3s1/2 n  = -  
v~ 

where : 

R = t h e  hydraul ic  r ad ius ,  f t  
S = t h e  s lope of  t h e  energy g rad ien t ,  f t / f t  

. 
Hydraulic d a t a  summarized f o r  Region 7 a r e  shown i n  Table 8 

and t h a t  summarized f o r  Region 2  a r e  shown i n  Table.9.  Tables 1 0  and 11 
show an  a n a l y s i s  of  t he  suspended load  da ta .  

1 ;  

The average t r a c t i v e  fo rce  /Ca a c t i n g  on the-mperimeter of t h e  
cana l s  and l a t e r a l s  was computed by two methods. The first method was 
by use of t h e  formula ''Ca = KRS, where W i s  t h e  u n i t  weight of water and 
o the r  u n i t s  a r e  a s  previous ly  def ined .  The second method was t o  determine 
t h e  average t r a c t i v e  fo rce  from t h e  t r a c t i v e  fo rce  d i s t r i b u t i o n  around 
t h e  perimeter  of t h e  canal .  Using t h e  v e l o c i t y  d i s t r i b u t i o n  near  t h e  
boundary and v e l o c i t i e s  i n  t h e  same plane a t  d i s t ances  yl and y2 from t h e  
boundary, t h e  fol lowing formula was app l i ed :  

(v2 - v1I2 
Z o  = y2 

5-75 lo@; - 
Y1 

The der iva t ion  of  t h i s  formula i s  ou t l ined  i n  Appendix 1. 

The t r a c t i v e  f o r c e  d i s t r i b u t i o n  as determined from t h e  v e l o c i t y  
contours  i s  shown i n  F igures  1 4  and 15 and t h e  average t r a c t i v e  f o r c e  as 
determined f r c n  each method i s  shown i n  Tables  8 and 9.  Compared r e s u l t s  
were somewhat e r r a t i c .  A s  shown i n  Tables 8 and 9, t h e  compared t r a c t i v e  
f o r c e s  of  t h e  two curved sec t ions  i n  Region 7 and cana l s  and l a t e r a l s  
clogged with weeds were not i n  agreement. 

a 

COMBINED DATA. 

Short  desc r ip t ions  of  each t e s t  reach as observed when d a t a  
were obtained fol low. 



Bar t l ey  Canal, Reach 1, compacted e a r t h  l i n i n g .  S l i g h t  e ros ion  
from wave a c t i o n  near water sur face  l e v e l .  Three t o  f i v e  inches of l oose  
s i l t  on bottom of t h e  canal  ( sea  F igures  14 and 16) .  

Ba r t l ey  Canal, Reach 2; unl ined .  Weeds gene ra l ly  grew on t h e  
banks above t h e  water sur face  and extended i n t o  t h e  water.  Reach 
appeared s t a b l e  with s l i g h t  depos i t ion  near  t o e  of s i d e  s lope  ( s e e  
F igures  1 4  and 1 6 ) .  

Cambridge Cenel, Reach 3 ,  unlined.  Weed growth near  t h e  water 
sur face .  Reach appeared TO be s t a b l e  with some depos i t ion  on bottom 
( see  Figures 14  and 1 6 ) .  

Frcnkl in  Pump Canal, Reach 4, unl ined.  Cross sec t ion  rounded 
b u t  s t a b l e .  Considerable weed groTxth near  water su r face  ( see  F igures  14  
and 17) .  

Superior  Canal, Reach 5 ,  un l ined .  Erosion t ak ing  place on - 
banks above t h e  water sur face  due t o  sur face  drainage.  Wave e ros ion  
near  water su r facs  edge. S n a l l  d e p o s i t s  near toe  of s lope .  S l i g h t  
e r o s i o n  on bottom ( see  Figures  14 and 1 7 ) .  

Frankl in  Canal, Reaches 6 and 7, unl ined .  S l i g h t  e ros ion  from 
wave a c t i o n  near  water sur face .  Scdimeni depos i t s  near  t o e  of s lope  ( see  
F igures  1 4  and 17).  

Cmbridge Canal, two ad jacen t  carved reaches ,  unl ined.  Weed 
growth n e a r  water sur face  edge. Deposition occurr ing  on t h e  i n s i d e  o f  
t h e  curves ( s e e  F igures  1 4  and 1 8 ) .  

Region 2 

Lateral W-2-A. Klamath: Reach 1, unl ined .  Aquatic weeds, ' 

ponclweeds, and moss were growing ac ross  t h e  e n t i r e  s e c t i o n  o f  t h e  l a t e r a l .  
L a t e r a l  had eroded i n  t h e  past. Channel boundary was wel l  de f ined  and 
s o l i d .  Pondweeds appeared t o  grow denser  a t  t h e  cen te r  of t h e  la te i -a1  
which c rea t ed  a r e s u l t i n g  h igher  v e l o c i t y  i n  t h e  a r e a  away from t h e  
c e n t e r  ( see  F igures  1 5  and 19). 

L a t e r a l  El-2-A, Klamath, Reach 2 ,  compacted e a r t h  l i n i n g .  Heavy 
weed growth a t  water sur face  edge. Moss covered t h e  boundary of  t h e  
sec t ion .  Reach appeared s t a b l e  (see Figures  15 and 1 9 ) .  

L a t e r a l  J - l - B .  Klamath, Reach 3, unl ined.  The l a t e r a l  w a s  f u l l  
of  moss and weeds. There were r e l a t i v e l y  c l e a r  channels  a long t h e  s i d e s  



t h e  sec t ion .  There appeared t o  have been scour i n  the  p a s t  ( s e e  F igures  
1 5  and 19) .  

La te ra l  5-13, Klamath, Reach 4 ,  unl ined.  Reach was c l e a r  of 
aqi lat ic  growth. There was a heavy growth o f  weeds at  t h e  water su r face  
edge. There appeared t o  have been some eros ion  i n  t h e  p a s t  ( s e e  F igures  
15 and 20).  

Friant-Kern Canal,, Reach 5 ,  compacted e a r t h  l i n i n g .  Aquatic 
weeds grew on t h e  boundary t o  a he ight  of approximately 1 f o o t .  Sloughing 
had occurred on t h e  s ide  s lope of t he  canal i n  t h i s  reach.  The reach 
appeared s t a b l e  with t h e  exception of t h e  bank sloughing (s&e Figures  15  
and 20) .  

Friant-Kern Canal, Reach 6, compacted e a r t h  l i n i n g .  Aquatic 
weeds grev on t h e  boundary t o  a he ight  of approximately 1 f o o t .  The 
reach appeared s t a b l e  ( see  F!-gures 1 5  and 2 0 ) .  

L a t e r a l  32.2,  biaaera, Reach ' 7 :  compacted e a r t h  l i n i n g  on s lopes .  
Aquatic weeds grew along t h e  edges of t h e  l a t e r a l .  Deposition w a s  
occurr ing  i n  t h e  weed a r e a  ( s e e  F igures  15 and 2 1 ) .  

Madera Cznal, Rezch 8, unlined.  IbTo weeds were gro~aing i n  t h e  
reach.  Erosion was occurr ing i n  t h i s  reach ( see  Figures  15  and 2 1 ) .  

Madera Canal, Reaeh 3, unl ined.  No weeds grew i n  t h e  reach.  
S l i g h t  e ros ion  appeared t o  be occurr ing  i n  t h e  rczch  ( see  Figures  1 5  and 
21).  

SOIL-H'YJIIIAIJLIC HELATIOi.JSIiIP 

It has  become evident  t h a t  combinations of  s o i l  and hydraul ic  
c h a r a c t e r i s t i c s  w i l l  need t o  be made before  d e f i n i t e  t r e n d s  can be 
a sce r t a ined .  T o  da t e  t h e r e  has  been i n s u f f i c i e n t  d a t a  obtained t o  make 
t h i s  t~ype of  a n a l y s i s  f e a s i b l e .  It I s  f e l t  t h a t  grouping o f  s o i l s  i n  
terms o f  gradat ion ,  p l a s t i c  p rope r t i e s ,  and d e n s i t y  w i l l  permit a com- 
par i son  with e ros ion  caused by t r a c t i v e  f o r c e s  of c e r t a i n  magnitudes. 

Table 3 presents  t h e  average s o i l s  d a t a  inc luding  mean g r a i n  
d iameters ,  p l a s t i c i t y  ind ices ,  s a tu ra tqd  unconfined compressive s t r e n g t h s ,  
d r y  d e n s i t i e s ,  l i q u i d  l i m i t s  and vane shear  t e s t  values f o r  each t e s t -  
reach.  There a r e  i n s u f f i c i e n t  channels of each t~y-pe ( s t a b l e ,  eroding 
and depos i t ing )  t o  w a r r a n t  p resent ing  t h e  d a t a  i n  graph form. Tables  8 
and present  t h e  average hydraul ic  d a t a .  



The t e s t  reaches arc  i n  R e ~ i o n s  1, 4, and 5, and the  s o i l  samples have 
been obtained from most of t h e  reaches. The reaches selected vary i n  
cha rac t e r i s t i c s  as  follows: 

Regions 4 and 1 Canal Stat ion So i l  type 

4 Eden Project  Means 24+17 C L 
Eden Pro.ject Means 102+00 S P 
Eden Pro.ject Eden 348+50 SM 
Eden Fro,ject Eden 3 57+00 SC-CL 
Eden Project  Eden 464+95 CL-SC 
Eden Project  Eden 645+00 CL-SC , 

Eden Project  Eden 834t00 SM 
Eden Project Means 265t00 SM 
Paonia Project F i re  Mountain 419t00 C L* 
Paonia Proeject F i r e  Mountain 648+00 CL* 
Paonia Project F i r e  Mountain 1342+00 CL* 

1 Minidoka Project L a t  10A824 33+00 ML 
Minidoka Pro,ject Milner Gooding 374+00 ML 
Minidoka Project PA l a t e r a l  - - ML 
Yakima Project  P L a t  14 - - ML 
Yaltima Project  P I a t  13 152+50 SM 
Yakima Pro,ject Roza Main Mile 57.9 ML 
Columbia Basin Lat W27B 24+90 ML . 
Columbia Basin Lat ~ 1 2 6 ~  378+90 ML 
Columbia Basin E Lat 6 S ~ 5  185+00 ML 
Columbia Basin E 33 34+00 ML 

Region 5 

Tucumcai Conchas Mile 60.9 CL 
Tucumcari Conchas Lateral  405 &OO CL with 

gravel 
blanket 

Tucumcari Conchas Lateral  3962+06 CL 
Tucumcari Hudson Lateral  Mile 5.2 CL 
Tucumcari Hudson h t e r n l  1031+00 SC-CL 
W. C. Austin West 18840 CL 
W .  C.  Austin Altus 799+50 CL-CH 
W .  C .  Austin Ozark 3 1 b 0 0  CL-CH 

*his material  i s  Mancos chale--the CL c l a s s i f i c a t i on  applies 
when broken down. 



during the  Surrner o f  1957. A t  present  the  t e s t i n g  program f o r  the  s o i l  
samples is the same zs f o r  samples previously t e s ted  and reported here.  

Laboratory e ros ioc  t e s t s  a r e  t o  be  conducted on undisturbed 
8-inch-diameter s o i l  samples, The s o i l s  samples have been obtained from 
each t e s t  reach end an erosion t e s t i n g  machine has been constructed. 
The t e s t s  w i l l  provide add i t iona l  inforrnation f o r  cor re la t ion  with f i e l d  
data .  The t r a c t i v e  fo rce  necessary t o  erode t h e  sample w i l l  be deter-  
mined from these t e s t s  and conpared with t r a c t i v e  forces  which caused 
erosion i n  the f i e l d .  

The labora tory  erosion t e s t  r e s u l t s  which- a r e  t o  be included. 
i n  t h e  f i n a l  r epor t  w i l l  probably permit a more d i r e c t  method of 
analyzing the  r e l a t i o n s h i p s  which e x i s t  between s o i l s  with a var ie ty  o f  
c h a r a c t e r i s t i c s  and t r a c t i v e  forces .  However, t h i s  t e s t ,  t o  be of value,  
must be cor re la ted  with t h e  erosion caused by t r a c t i v e  fo rces  under f i e l d  
condit ions.  

RECOMMENDATIONS AND CONCLUSIONS 

A t  t h i s  time no concrete conclusions should be m a d e  regarding 
the  r e l a t i o n s h i p s  which e x i s t  ( i n  s t a b l e ,  eroding o r  deposi t ing  canals)  
between s o i l s  p roper t i e s  and hydraulic condit ions.  It is f e l t  t h a t  t h i s  
i s  not  due t o  the lack o f  these  re la t ionsh ips  but  i s  merely because t h e  
da ta  col lec ted  t o  date  a r e  too  meager and ana lys i s  has  not  progressed t o  
a point  t o  permit d e f i n i t e  conclusions. From study and experience it i s  
known t h a t  some general  s o i l  p roper t i e s  d e f i n i t e l y  e f f e c t  t h e  s t a b i l i t y  
of e a r t h  canals, these p roper t i e s  a r e  t h e  g ra in  s i z e  d i s t r i b u t i o n ,  t h e  
p l a s t i c  p roper t i e s ,  s t r eng th ,  and t h e  densi ty  of  t h e  s o i l s .  The q u a l i t y  
of  t h i s  analys is  depends upon whether enough canals  a r e  s tudied t o  give 
a v a r i e t y  of t h e s e  s o i l  p roper t i e s  a l o n ~  with a range of hydraulic 
condit ions and degree of erosion.  

A s  shown i n  Table 1 t h e r e  a re  18 t e s t  reaches o f  l imi ted  s o i l s  
types i n  t h i s  r epor t .  An add i t iona l  29 t e s t  reaches have been se lec ted  
from o ther  regions,  The t e s t  d a t a  f o r  these  29 reaches a r e  not  yet  
avai lable .  For f u t u r e  study, it i s  recommended t h a t  t h e  s o i l s  t e s t  d a t a  
and t h e  hydraulic d a t a  be completed f o r  all 47 t e s t  reaches before any 
f u r t h e r  t e s t  reach s e l e c t i o n s  are made. This would accomplish two th ings  
( 1 )  completion of t h i s  d a t a  would serve t o  d i r e c t  t h e  study and (2 )  al low 
s e l e c t i o n  of individual  t e s t  reaches which represent  s o i l s  and hydraulic 
condit ions,  which a re  not  included i n  t h e  47 t e s t  reaches now selected.  
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poin t s  of 'm) where pressures and v e l o c i t i e e  a t  a given point  a r e  
considered and (2 )  where t h e  f a t e  of an individual. p a r t i c l e  i s  considered. 
The following i s  from a considerat ion of  t h e  f a t e  of an individual  
p a r t i c l e .  Th. v. Kannan (1)* determined the re  was, i n  general ,  a corre-  
l a t i o n  between t h e  components of the  ve loc i ty  f luc tua t ions  (individual.  
p a r t i c l e s )  i n  the  d i rec t ion  of  t h e  main flow and perpendicular t o  t h a t  
d i r e c t i o n  f o r  turbulent  flow. Therefore, it i s  concluded t h a t  shearing 
s t r e s s  i s  t ransmit ted  through a plane p a r a l l e l  t o  t h e  d i r e c t i o n  of flow 
by o the r  than laminar f r i c t i o n .  In  most p r a c t i c a l  cases ,  except i n  the  
immediate v i c i n i t y  of a s o l i d  boundary, these  turbulent  s t r e s s e s  are sq 
l a rge  i n  comparison t o  t h e  s t r e s s e s  due t o  t h e  molecular o r  laminar 
f r i c t i o n ,  t h a t  t h e  l a t t e r  can be neglected. Prandtl  (2 )  first used the  
theory  of e "meen f r e e  .oath" o r  "mi:ting length"  ( 1 )  i n  turbulent  flow. 
Using the  a s s u m ~ t i o n  t h a t  1 was constant  over t h e  cross  sec t ion of t h e  

u ' mixing region,  v.  Karman ( 3 )  added 1 = k--77 u and essumed 1 M ~ S  s m a l l  i n  

conparison w i t h  l i n e a r  dimensions involved i n  t h e  problem. k = 0.4 was 
then  proposed ~vhich ind ica tes  1 i s  only moderately small i n  comparison 
with dimensions involved i n  t h e  geometry of t h e  ~ r o b l e m .  Fron t h e  
preceding assumptions 2nd der ivat ions ,  t h e  logarithmic formula f o r  
ve loc i ty  d i s t r i b u t i o n  bras f i r s t  given by Th. v. Kcrmzn ( 3 )  i n  1930. 
Prendt l  (4 )  soon adopted the  formula end with Nikurrdse (5)  determined 
t h c  numerical values of the  constants .  According t o  Prandt l  and 
Nikurodse t h e  value of k var ies  from 0.38 t o  0.41 t o  best f i t  experimental 
r e s u l t s .  

H. A. Eins te in  (6)  shovs t h e  general  logari thmic v e l o c i t y  
d i s t r i b u t i o n  equation f o r  open channels can be w r i t t e n  i n  t h e  following 
form : 

- -  - 5.75 106 (30.2 2) 
'9 

where: I 

Vy = the  average point  ve loc i ty  a t  d is tance  y from t h e  bed 
r- 1. = the  shear at t h e  boundary ( t r a c t i v e  fo rce )  
p = t h e  dens i ty  of t h e  water 
A = the  apparent roughness o f  t h e  surface and contains a 

correc t ive  p a r m e t e r  
5.75 = a constant  which contains v.  Karmanls k value 

*Iqumbers r e f e r  t o  bibliography at end of r epor t .  



subtrac ied  from-the veloci ty  of another po in t  (VZ) which i s  s l i g h t l y  
above Vl, we obta in :  

30 - 2 ~ 2  
-log A 

30 2 ~ 1  
v2 - v1 = 5.75,-7- - log  * 

I 
o r  .- I 

IT; 
v, - 1 = 7 -  I P [log z] 

from which r v 2 - v 1  l2 
To = /' 1 y2 

15-75 lot3 
L. 

I f  a constant  d is tance  f r c ~ n  t h e  boundary i s  s e t  f o r  y l  and y2 t h e  
equation f u r t h e r  s impl i f ies  t o  t h e  form of 

To = c (v2 - v112 

%'he preceding equation ind ica tes  t h a t  i f  tvo  v e l o c i t i e s  and 
t h e i r  d is tances  from the  boundzry a r e  known t o  a c t  i n  a given plane,  
t h e  boundary shear i n  t h a t  plzne can be found. The dis tance  from t h e  
boundary should be measured perpendicular t o  t h e  boundary, and v e l o c i t i e s  
r e l a t i v e l y  c lose  t o  the  boundery snould be used. i n  t h e  equation. 

Applying t h e  preceding method t o  t h e  ve loc i ty  contours, t h e  
shear d i s t r i b u t i o n  around t h e  boundary can be es tabl ished.  

Using otner accepted formula such as 

/g ,  = m s  

where : 

2, = t h e  average t r a c t i v e  force  a c t i n g  on t h e  boundary, 1b/ f t2  
W = t h e  spec i f i c  weight of lrater,  62.1; lb/cu f t  
R = t h e  hydraulic r zd ius  , f t  
S = t h e  slope of t h e  energy gradient ,  f t / f t  

t h e  average t r a c t i v e  force  can be checked. 
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SUMEMY SHEET OF CHANNELS TESTED 
:bttq: 

Unit : Reach : Side :'Bottom: Toe : General t rend : width: Soi l  
: No. :slopes: : ( s s )  : : ( f t )  : type 

Region 7 : . . 
Bartley : 1 : S : D : D :Slight deposition : 1 2  :bE 
Bartley : 2 : S : S : D :Stable : 8 : ML-cL 
Cambridge : 3 : S : D : D :Slight deposition : 13 : ha-CL 
F'ranklin Pump : 4 : S : E : D :Stable : 6 : M L  
Superior Canal : 5 : E : E : D :Slight erosion : 9 : KL-CL 
Fraikl in  Canal : 6 and 7 :  S : S : D : Stable : 14 : ML-SM 
Cambridge : Curves :General deposition :Changing sections : 1 2  : ML-CL 

: on inside of curve: 
:General erosion on : 
: outside of curve : 

Region 2 : 

M-2 -A : 1 : E : E : E :Eroding : 6 : h a  
M-2 -A : 2 : S : S : S :Stable : 4 :&Mi 
J -1 -3 : 3 : E : E : E :Eroding : 9 :SM 
J -13 : 4 : E : D : E :Slight erosion : 1 0  : M L  
Fsriant -Kern : 5 : S : S : S :Stable : 64 : CL-CH 
fiiant-Kern : 6 : S : S : S :Stable : 64 :CL 
Lateral 32.2 : 7 : S : E : D :Stable : 12 : ML-SM 
hkdera : 8 : E : E : S :Eroding : 20 : SC-CL 
k d e r a  : 9 : E : D : S :Slight erosion--bottom: 20 : SC 

: armored with la rge  : 
: sand pa r t i c l e s  

S = Stable 
D = Depositing 
E = Eroding ' 

Note: - A l l  canal and l a t e r& s ide  slopes were 1-1/2:1. 

L O I ~ - C O & '  ~k LINING PROCRAM 
. . Ti3ACTIVE FORCE FIELD STUUY 

CHANNEL CONDITIOSS 







LO WfR COST CANAL L/A//NG 



SUMMAPY O f  LABOPATORY 7 i i T  DATA 
SHrr7 /d TABLE 6 
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379 0.5 4s 434 66 

M S  0.8 455 Ca4 2.9 
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IOCI a 0  520 - /76 ~2 490 s a d - h a w e d  7 /0  m o  430 NJ - 
49/ 620 f l 0  450 /95 - 

E l s l V l r  j-h~dr a 2  /6 
6 3  ' 
rX/ j 
483 
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&3 

429 2 7  464 
449 1 /SAP -r"/z/& at5 5.9 465 
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.P/ 5k~e672n.5 
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jOC4 h w r / d  282 7// 0 7  NP 496 i I 
//:4fr,,/w t /L  ~ J J  (73 497 

149 
4 72 SfU645+00*br*m P/s& (5 u s  1 corxl/.*z 
4 7 .  7ioc//vc &ce I /  ~ / a r p  c. r r  1 Sec//on he 8 



JU ur e 
Rllerberp nc&zfizd ~ r o s i .  

Somp/e /den//.ficu//on ~rndu+/.on TO-m Zompressm resf ... 

Som&e 

Cocar'/on 

'4 

/8F- 

474 P q  2 rmhle H+hwe-3?!!& 5.5 0.9 
force Sec/'/;o/l 

475 Ma8 f A shpe-J"/u& 

4 99 =&-u~arrc//d 3 L 2  &!I8 - 255 /a3  
500 SOCk - /OIYP~ end 32.8 a 4  L8 255 10.3 

50/ sark- C ~ / P F  49.3 5574 0.3 255 /0.3 

4 76 Sf0 645tOPAb- k? s h e  Q MS. 
i C m / -  kL.9 2 I 
j 477 7mdfLe Brie 11. dope a Ma 

echon M. 9 
I r. 3/0pe 8 bud 

@I s&- 3"L& 

f i. S / U ? -  3 -hbs  Y5.'6 h.3 

L! 5/0p -3'Z'ub~ / Lo 
- -- - 

2 Rep.2 7/ucI/ve . center 526 6 6 / ~ g  5 2 
F i e  Secfion 

3-03 N0.9 sock- ce/tfra 36.9 6 L  7 A 4  8 5 2 

504  













LOWER COST CANAL LINING 
TRAfllVE FORCE FIELD STUDY 
TEST REAC,W€S REGION 7 



LOWER COST CANAL LINING 
TRACT1 VE FORCL REL D SnlDY 
TEST REACHES REGION' 12 
2 - 4  -5-7 





F I G U R E  4 

LOWER COST CANAL LINING 
TRACTIVE FORCE FIELD STUDIES 

SOIL SIZE ANALYSES REACHES I TO 4 
R E G I O N  7 



F I G U R E  5 
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L O W E l l  C O S T  C A N A L  L I N I N G  

T R A C T I V E  F O R C E  F I E L D  S T U D I E S  

S O I L  S I Z E  A N A L Y S E S  R E A C H E S  5 T O  7 

R E G I O N  7 







~ V D R O U C T L I I  A I IALVI IS  
t i l l  "1.0110, 

W U" I. 0 .  .I' <. fl 2.. .. , i.l, ..' ,*, 
LI"L~t"1 I . , " , , : . ,  .",,,",,,e., 

LOWER COST CANAL LINING 
TRACTIVE FORCE FIELD STUDl E S 

SOIL SIZE ANALYSES R E A C H E S  6 TO 9 
R E G I O N  2 





(a) VELOCITY MEASUREMENTS NEAR THE 
BOUNDARY BEING RECORDED WITH A 
PYGMY CURRENT METER 

t. 

! 

(b) VELOCITY MEASUREMENTS BEING 
RECORDED WITH A T Y P E  A CURRENT 
METER FROM A BOAT 

LOWER-COST CANAL LINING 
TRACTIVE FORCE FIELD STUDY 

OBTAINING HYDRAULIC DATA 



LOWER-COST CANAL, LINING 
TRACTIVE FORCE FIELD STUDY 

VANE SHEAR T E S T E R  











REACH DRY REACH 1 
BARTLEY CANAL 

DISCHARGE 73 cfs 

REACH DRY REACE-I 2 DISCHARGE 36 cfs 
BARTLEY CANAL 

REACH DRY REACH 3 DISCHARGE 132 cfs 
CAMBRIDGE CANAL 

LOWER-COST CKNAL LINING 
TRACTIVE FORCE F I E L D  STUDY 

PHOTOGRAPHS OF REACHES 1 TO 3 
REGION 7 



REACH DRY 
REACH 4 

FRANKLIN PCP CANAL 

DISCHARGE 18 cfs 

REACH DRY 
REACH 5 

DISCI-IARGE 65 cfs 

SUPERIOR CANAL 

FU3ACH DRY DISCHARGE 99 cfs 

REACHS 6 & 7 
FRANKLIN CANAL 

LOWER-COST CANAL LINING 
TRACTIVE FORCE FIELD STUDY 

PHOTOGRAPHS OF REACHES 4 TO 6 
REGION 7 



REACH DRY 

DISCHARGE 55 cfs 

LOWER-COST CANAL LINING 
TRACTIVE FORCE FIELD STUDY 

PHOTOGRAPHS OF CURVED REACHES 
ON CAMBRIDGE CANAL 

REGION 7 



DISCHARGE 20 cfs AQUAITIC WEED 
GROWTH I N  LATERAL 

REACH 1 
LATERAL M-2-A KLAMATH PROJECT 

H-1241-3 

REACH DRY DISCHARGE 6 cfs 

REACH 2 
LATERAL M-2-A KLAMATH PROJECT 

REACH DRY DISCHARGE 18 cfs 

R U C H  3 
LATERAL J-1-B KLAMATH PROJECT 

LOWER-COST CANAL LINING 
, TRACTIVE FORCE FIELD STUDY 

PHOTOGRAPHS O F  REACHES 1 TO 3 
REGION 2 



REACH DRY DISCHARGE 27 cf s 

REACH 4 
LATERAL 5-13 KLANIATH PRO-JECT 

E-1792-3 

REACH DRY 
REACH 5 

DISCHARGE 2910 cfs 

FRIANT KERN CANAL 

REACH DRY REACH 6 DISCHARGE 2620 cfs 
FRIANT KERN CANAL 

LOWER-COST CANAL LmING 
TRACTIVE FORCE FIELD STUDY 

PHOTOGRAPHS O F  REACHES 4 T O  6 
REGION 2 



REACH DRY DISCHARGE 55 cf s 
REACH 7 

MADERA LATERAL 3 2 . 2  

REACH DRY DISCHARGE 692 cfs 
REACH 8 

MADERA CANAL 

REACH DRY 
REACH 9 

DISCHARGE 488 cfs 

MADERA CANAL 

LOWER -COST CANAL LINING 
TRACTIVE FORCE FIELD STUDY 

PHOTOGRAPHS O F  REACHES 7 TO 9 
REGION 2 


